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= Wie ben ik?
Het immuunsysteem
= Aangeboren

= \erworven
= T cel respons en effectormechanismen

= Tumorimmunologie
= T-cel respons en ontwijkingsmechanismen

= Nieuwe immuuntherapieén:
= Immune checkpoint inhibitoren
= DC-vaccinatie
= CAR-T

Auto-immuniteit

= “Schoolvoorbeeld” multiple sclerose

= Nieuwe immuuntherapieén:
= Antilichaamtherapie
= Celtherapie
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Het immuunsysteem

Physical barriers
skin, pH, cilia

/[
Infection b

Molecular barriers:
complement, interferon

>
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Aangeboren vs

verworven

Microbe

Innate immunity

ﬁ Epithelial

barriers

(Adaptive immunity‘

Antibodies

< B _gs

B lymphocytes

Dendritic Plasma cells
cells
Phagocytes
q i
Complement Er'fdﬁ?_"é's‘ ‘ T lymphocytes e Effector T cells
( Hours 7/ | Days | ]
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Time after infection
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Types verworven immuunresponsen

Humoral Cell-mediated
immunity immunity
Microbe i ! ﬁ @
Phagocytosed Intracellular microbes
E:(t:rr%%eelgular mncrobes that can | (€.g., viruses)
live within replicating within
macrophages infected cell

|
Responding q )‘: >Q:
lymphocytes Helper Cytotoxic

B lymphocyte T lymphocyte T lymphocyte

Secreted
antibody

Effector \

mechanism g 14@

Block Activated Killed infected cell

infections
; : and || __macrophage ' ficiilinfected cells
Functions eliminate Elimination of and eliminate
extracellular | | phagocytosed reservoirs
microbes microbes of infection
4
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organen
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Antigen presentatie aan T-cellen

'Antigen' ' Antigen ~ MHC 'Peptide-MHC'
.uptake. Aprocessing‘_biosynthesis association
—> CD4+
\\ = \\ T cell |
~ P A
(\\ZS‘T %e{g
Endocytosis of Q
extrati:ellular L’:;::\'?I”)t Class Il
t i
i ER Class Il MHC . MHC path'wayj
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cﬁ‘és',o?s S cD8*
( ’ = ‘ CTL
et L a
Do RN 5
= Class | <
Cytosolic MHC
protein  Proteasome Class | '
(a 'MHC pathway
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Effector functies van T-cellen

'Antigen uptake' ' Antigen
or synthesis ‘ presentation

-

@ Class Il MHC-associated presentation of
extracellular antigen to helper T cells

Antigen in
endosome

-+ /'[‘/« * @ =
Extracellular p
antigen

Macrophage

CDa4+ helper :
T lymphocyte Cytokines

specific

B cell

B

— Class | MHC-associated presentation of
cytosolic antigen to cytotoxic T lymphocytes

(&= Extracellular
\‘%"y’ antigen

—-

>

tosol
gr’:li%sé?wlc ”\/CDB" cytotoxic
T lymphocyte

'T cell effector'

functions

Macrophage activation:

destruction of

phagocytosed antigen

X

;::C.‘:Y;;‘,,; =

B cell antibody

secretion: antibody
binding to antigen

Killing of
antigen-expressing
target cell
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Antilichaam vs T cel receptor

Feature
or function

Forms of
antigens
recognized

Diversity

Antigen
recognition is
mediated by:

Signaling
functions are
mediated by:

Effector
functions are
mediated by:

Antibody
»(Vlmmunog’!obulinr)_

Membrane Ig

X "

~
“Antigen

Signal
transduction

Effector
functions:
complement

. fixation,
Secreted - ngOCle
antibody ¥~ binding

Macromolecules (proteins,
polysaccharides, lipids,
nucleic acids),

small chemicals

Conformational and
linear epitopes
Each clone has a unique

specificity; potential for >10°
distinct specificities

Variable (V) regions of
heavy and light chains
of membrane Ig

Proteins (Iga and Igp)
associated with
membrane Ig

Constant (C) regions of
secreted Ig

T cell
rece_plor (TCR)

Antigen-presenting cell

MHC
Antigen -

cD3
Lol I
Y
4
Signal
transduction

TCR

Peptides displayed by
MHC molecules on APCs

Linear epltopes

Each clone has a unique
specificity; potential for
>101! distinct specificities

Varable (V) regions of
o and [} chains

Proteins (CD3 and {)
associated with TCﬁ\

TCR does not pertorm
effector functions
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Selectie van T-cellen

Weak recognition of
class Il MHC + peptide
APC
Thymocyte # Positive
i selection
—- CD4+ T cell
Weak recognition of
class | MHC + peptide
Pre-TCR o Positive
/ i '%>% selection
/ Mature
Q:;> Q::;> ) => CD8* T cell
No recognition of
Stem Double- Pre-T
cell negative  cell MHC + peptide
(CD4CD8") Double- .- Failure of
pro-T cell ositive => . positive
(CD4+CD8%) ! > | selection
immature : _ | (death by
T cell . Apoptosis | neglect)
Strong recognition of
either class | or class Il
MHC + peptide
Negative
selection
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FACULTEIT GENEESKUNDE EN . . ..
UHASSELT LEVENSWETENSCHAPPEN Abbas A. et al, Basic |mmun0|0gy, Fifth Edition 16




Cellulaire immuunrespons
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.".
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Tooils
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Induction of

response

in lymphoid organs

ol

T colls

’d ) S,‘,’,‘g}o, ?‘22"5 T cell expansion |
t~t~T colls (CTLs) and differentiation

V/ effector T cells
enter circulation

Antigen recognition’

Differentiated

Migration of effector

"(,Lf’ VvV T cells and other
£ leukocytes to site
| of infection
..‘1 —_
(- Effector T cells
: encounter antigens
® R in peripheral tissues
Cells with intracellular
microbes
Cylokmcs Activation of
effector T cells
Q * e T cell effector
b B functions
Leukocyte activation CTL killing of
(inflammation); phagocytosis || infected cell

and killing of microbes

>

Secundaire lymfoide
organen

Migratie naar plaats

van inflammatie

Lokale reactivatie

Effectorfunctie:
- Cytokineproductie
- Cytotoxiciteit
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T

cel activatie

Clonal

Antigen Activation

recognition expansion

Differentiation

| Effector '
functions

or CD8+) (e.g., IL-2)

Lymphoid organs

—
Effector T cell
(CD4+ helper

\Or CD8+ CTL)

Memory T cell

(CD4+ or CD8*)

CD4+: Activation
of macrophages,
B cells, other
cells

CD8+*: Killing

of infected cells;
macrophage
activation

Peripheral tissues
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T cel activatie

'Antigen recognition' T cell response'

-

No response
or tolerance

Resting
(costimulator-
deficient) APC

Naive
T cell

~ Activation of APCs
by microbes, innate
~ iImmune response

expression of
costimulators,
secretion of
cytokines

S Effector and
ar |Lv‘2 memory T cells
Activated APC:
increased = =3>

T cell proliferation
and differentiation

Cytokiﬁes (e.g., IL-12)
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Verschillende typen T helper cel responsen

Intracellular Helminths Extracellular

bacteria bacteria and
’ % fungi 2

Produceren verschillende cytokines
om de infectie optimaal te kunnen
TH17 cells bestrijden

>
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Cytotoxische T cel respons

Antigen recognition
and binding of
CTL to target cell

CTL activation
and granule
exocytosis

Apoptosis
of target cell

g B (D e

Perforin
facilitates
granzymes
entry into
the cytosol,
granzymes
activate
apoptosis

o
W
-

Granzymes——=2o “ay

Perforin—
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Tumorimmunologie
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Immuunrespons tegen tumoren
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Figure 3: Histologic section of a clear cell renal cancer stainedwith a moneclonal
antibody that recognizes the T-cell receptor (epsilon chain) on T-lymphocytes. The

red staining indicates infiltration by numerous T-cells.
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Welke antigenen worden herkend?

Examples
- £ 8 - | —————————
0Og .
©.£ & Normal )
g TE | self protein )*\(’3'
am —_
S Bw s No T cell
270 g response

Various mutant
proteins in carcinogen
or radiation-induced
animal tumors and in
human tumors

Mutated self
protein that
does not

contribute to
tumorigenesis

=

) Oncogene products:

S o || Product of mutated Ras, Ber/Abl

£ c || oncogene or fusion proteins

S © | mutated tumor

mC_» suppressor Tumor suppressor

EE€ | gene gene products:

@ @ mutated p53 protein

O] _ :

e Tyrosinase, gp100,

QS g:’:{;’:'r’;:a“d cancer/testis antigens

3'6 o caaad © in various tumors

D o | self protein

- CTL

o

£ & Human papilloma virus

>3 E6, E7 proteins in
Loy 9,'::: genic cervical carcinoma,

EBNA proteins in EBV-
_ induced lymphomas
antigen—

specific

— CD8* CTL

4 g
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T cel respons tegen tumoren

>

UHASSELT | FACULTEIT GENEESKUNDE EN Abbas A. et al, Basic Immunology, Fifth Edition 25




Immuunontwijking door tumoren

Failure to produce tumor antigen

Antigen-loss
variant of tumor
cell Lack of T cell
recognition of
tumor

Mutations in MHC genes or genes needed
for antigen processing

Class |
MHC-deficient

lumor cell Lack of T cell
recognition of
tumor

Secretion of lmmunosuppreulvo
proteins or expression of inhibitory
cell surface proteins

Inhibitory Inhibitory
ligand  receptor

Immune evasion by tumors

Inhibition of
T cell activation

O/ Immunosuppressive
cytokines

>
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“Kanker-immuniteit cyclus”

4. Trafficking of
T-cells to tumors

Administration of
ex vivo engineered
CAR T-cells

3. Priming and
activation of T-cells

L
2. Tumor antigen
capture and
presentation

Administration of
ex vivo engineered
4 DC vaccines

1.Realease of TAA

Targeting vasculature to
improve T-cell infiltration

5. Inflitration of T-cells
into tumor

Targeting the tumor-
microenvironment to
reduce immune
suppression

6. Recognition of tumor
cells by T-cells

7. Killing of tumor cells

UH :?:éﬂﬂfﬂ:::ﬁ;ﬁ = Seminars in Cancer Biology 45 (2017) 23-35
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Strategieén voor immuuntherapie tegen kanker

@) Active immunity enhanced by blockade of T cell inhibitory molecules

);i , Antibody blockade
Monoclonal «» ) Y ofinhibitory receptor
antibodies - -

o Transfer of |
PP antibodies into | |

Abioy recepors, Cancerpatent || g
on T cells (| \/

Activation of tumor-
specific T cells and

~ Inhibitory Inhibitory :
ligand  receptor killing of tumor cells

= Ipilimumab (anti-CTLA4)
= Nivolumab (anti-PD1)

>
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Nobelprijs 2018 (Fysiologie/Geneeskunde)

>

INODEI IViedla AD. |

maoi

Prize share: 1/2

James P. Allison

A O

Tasuku Honjo

Prize share: 1/2

CTLA-4

PD-1
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“Kanker-immuniteit cyclus”

Administration of
ex vivo engineered
CAR T-cells

3. Priming and
activation of T-cells

\. =i

2. Tumor antigen
capture and
presentation

=

Administration of
ex vivo engineered
4 DC vaccines

4. Trafficking of
T-cells to tumors

Targeting vasculature to
improve T-cell infiltration

5. Inflitration of T-cells
into tumor

Targeting the tumor-
microenvironment to
reduce immune
suppression

6. Recognition of tumor
cells by T-cells

7. Killing of tumor cells
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Strategieén voor immuuntherapie tegen kanker

B Active T cell immunity enhanced by dendritic cell vaccines

o ol e .

P | S,
=
o tﬁ]l.-\\d \\T Vaccinate with l&%’» | Q

, P
- | TR S : .
Dendritic cells “MOrantgen " WA Y : 2 = g}
pulsed with d er?d diccell @ [ P Tumor antigen -
tumor antigens c presentation to —
patient's tumor- Activation of tumor-
specific T cells specific T cells and

killing of tumor cells

>
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Belgisch bedrijf eTheRNA
T

—

Prof. Kris Thielemans (VUB):
- Ontwikkelde mRNA-gebaseerd DC vaccin
("TriMix"” technology)

- Creéerde spin-off eTheRNA om vaccin te
testen en op de markt te brengen

Cancer

Intranodal
delivery

Intravenous
delivery

Intratumoral
delivery

Ex-vivo DC

Pre-project Lead
selection

Diligence

Preclinical

validation Toxicology CMC

Phase | Phase lla Phase lIb-llI

Delivery systems

Discovery

E011-MEL study in Melanoma

Breast Cancer neo-adjuvant

4 academic studies in Melanoma

>
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Belgisch bedrijf eTheRNA

Mature DC

TriMix mRNA

D40 mRNA
anan. CD70 mRNA
~ae calTLR4 mBNA

o

|
o4 ¢

w

& —

: -
@
Monocyte Immature DC ) L
e %o
o W%
CEEN
® @ IL-12 secrefion
ke ® 69 ¢ i
Ex vivo N, in vivo
- cvtokines
(d 3
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“Kanker-immuniteit cyclus”

4. Trafficking of
T-cells to tumors

Administration of
ex vivo engineered

CAR T-cells Targeting vasculature to

improve T-cell infiltration

3. Priming and
activation of T-cells
into tumor

suppression

LN
2. Tumor antigen
capture and

presentation cells by T-cells

Administration of
ex vivo engineered
4 DC vaccines

1.Realease of TAA 7. Killing of tumor cells

5. Inflitration of T-cells

Targeting the tumor-
microenvironment to
reduce immune

6. Recognition of tumor

UH :?:éﬂﬂfﬂ:::ﬁ;ﬁ = Seminars in Cancer Biology 45 (2017) 23-35
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Strategieén voor immuuntherapie tegen kanker

A ) Passive immunity by transfer of tumor-specific T cells or antibodies

Tumor-antigen
specific T cells
removed from
patient and
expanded in vitro

Tumor cell

Transfer o_f.

tumor-specific { ; N
T cells or antibodies , >¢ =
Monoclonal % into cancer patients ‘}g } | )*( - a2
antibodies specifuc . / , Antibod
- | I j2 ntibody or

for fumor anbigen T cell recognition
and Kkilling of
tumor cells

>
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CAR-T cellen

CAR T-cell Therapy
Remove blood from 100 Make CAR T cells in the lab
patient to get T cells
Insert gene for CAR
/ Wj \' T cell
s \ ‘ ce
— g’ chimeric antigen
receptor (CAR)
» {
CAR T cells bind to cancer CARTcoll 20NN
cells and kill them o g
% | 9% ¢ . & { g
o v 5 = f 3 '
M Cancer cell x » .
_.—Antigens Grow millions of
LA ; CART cells
P o ok CART cell
- P { ¥ -
e R s T
‘ % 1. 3 A 37 . e
: N \ s
alnlh, > Infuse CAR T cells —
L Cancercell - into patient
A

>

Source: cancer.gov 36
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CAR-T cellen

T cell receptor
(TCR)

CcD28

CART cell

linker

scFv 2

hinge

variable regions of
heavy chain and light
chain

transmembrane domain

Signal 1 activation:

- Limited efficacy

- AICD

- Limited persistence/proliferation

Signal 2 costimulation:

- Enhanced efficacy

- Enhanced persistence/
proliferation

—

Antibody

>
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Cancer cell

Target antigen
Tumor antigen | \ protein mepressed on the D
surfacs ol & gancer cot

Target binding domamn
varadie vaction [scFv) dardved
from an antizody thart spacificaly
recoqrizes tha targst antgen

Antirody

Spacer domain
alowing flexitility of the
xsrqa‘ h "nhg somain

Transmemivans de

ain

corrmacing lntra- and nr’arpllul.u C’\R X
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¢ t TACEn R SuTa i T call

Costimulatory domain
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: / ©
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Immune cell activation Cytotoxic activity Proliferation
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CAR-T cellen

= Succesverhaal: B-cel leukemie

= CAR-T cellen gericht tegen CD19
(opperviaktemolecule op B-cellen)

Patient with
relapsed/refractory A
B cell malignancy

Preconditioning
chemotherapy

|f:j;éﬁkopheres'i§;ﬁ , Y ———

PO AntiCD1S|  pni L

Retroviral CAR T-cell

transduction with | \ infusion
ﬂ anti-CD19 CAR | X |
5 )

= Sinds 1 juni 2019 terugbetaald (€400.000!)

>
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Auto-immuniteit
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“Schoolvoorbeeld”:

>

multiple sclerose

;/ ;- t'
]

\
J
&/
5, - /)
T4
O
, -
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Multiple sclerose

>
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Immuunrespons tegen eigen lichaam

>
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4

Multiple sc

L Il

erose: ziekteverloop

Time

Jl

Inflammation
(MRI activity)

Systemic adaptive immunity
Unknown effect of environmental factors,
apart from smoking, which exacerbates MS

Brain atrophy
Mechanisms unclear
* Innate immunity?

* Oxidative pathways
¢ Insufficient repair

Nature Reviews | Neurology|
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Multiple sclerose: aanval tegen myeline

Normal Nerve

dendrites

axon terminals

nucleus . !
myelin sheath

|

—axon

Multiple Sclerosis

nucleus

damaged myelin sheaS

axon terminals

—axon

>
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Multiple sclerose: lesies in de hersenen

MULTIPLE SCLEROSIS LESION

- Normal Whife’ | 2 | ‘ T3
“-- Matter &7 '

>
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Multiple sclerose: lesies in de hersenen

MULTIPLE SCLEROSIS LESION

Active Lesion

-

>
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Multiple sclerose: lesies in de hersenen

MULTIPLE SCLEROSIS LESION

d nNommal Appsaring o« ' R
Tissue At " -

" Chronic Active -
- Lesion ¢

o

>
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Multiple sclerose: lesies in de hersenen

MULTIPLE SCLEROSIS LESION

£, 4 Chronic:
Inactive Lesion

'“ ﬁ\*

§ Astrocttic Scar

>
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Immuunrespons op celnivea
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Therapieén voor MS

4
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Figure 4. Cells, Molecules, and Therapies.
Shown is a simplified schematic depiction of major cell types within white-matter multiple sclerosis lesions, along with several current
and promising therapeutic targets in the central nervous system and in the periphery.
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Antilichaamtherapieén

= Natalizumab (anti-a4 integrine):

= Blokkeert infiltratie van immuuncellen in de
hersenen

= Mogelijk levensbedreigende complicatie: PML
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Antilichaamtherapieén

= Ocrelizumab (anti-CD20):

= Doodt B-cellen (immuunsuppressief)

= Eerste goedgekeurde therapie voor primair
progressieve MS

= Alemtuzumab (anti-CD52):

= Doodt lymfocyten (sterk immuunsuppressief)
= Patiénten ontwikkelen secundaire autoimmuniteit

= Daclizumab (anti-CD25):
= Blokkeert activatie van T-cellen

>
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Immuunrespons op celniveau
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Celtherapie: tolDC

NCT identifier = Phase Therapeutic agent Status Sponsor/collaborators Disease

NCT00445913 | Autologous dendritic cell (DC) completed University of Pittsburgh T1DM

NCT02354911 Il Autologous immunoregulatory DC Not yet recruiting DiaVacs, Inc., and others T1DM

NCT01947569 1 Autologous co-stimulation-impaired DC Unknown DiaVacs, Inc. T1DM

NCT00434850 I Deoxyspergualin, an immunosuppressant drug, Completed NIAID and NIDDK Islets transplantation

shown to modulate DC differentiation and function in TIDM

NCT01352858 Autologous tolDC Unknown Newcastle University and Arthritis Rheumatoid arthritis
Research UK (RA)

NCT00279461 Il Vit D3 Withdrawn Indiana University RA

NCT02283671 | tolDCs loaded with myelin peptides Currently recruiting  Sara Varea Muitiple Sclerosis (MS)

and Neuromyelitis
Ontica
NCT02618902 I tolDCs Not yet recruiting University Hospital, Antwerp MS
NCT02903537 I Autologous tolerogenic modDCs loaded with a Not yet recruiting Fundacio Institut Germans Trias i Pujol  MS
pool of myelin peptides (tolDC-VitD3)

NCT02622763 Intralesional administration of tolDCs Currently recruiting  Fundacion Clinic per a la Recerca Crohn’s Disease
Biomeédica

NCT02252055 /11 Autologous tolDCs Currently recruiting  Nantes University Hospital Kidney transplantation

NE not provided; T1DM, type 1 diabetes meliitus; NIAID, National Institute of Allergy and Infectious Diseases; NIDDK, National Institute of Diabetes and Digestive and Kidney

Diseases.
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Celtherapie: tolDC
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Celtherapie: tolDC

Prof. Nathalie Cools (UA):
- Ontwikkelde tolDC therapie voor MS

- Startte Anicells: een accelerator om
onderzoek naar en ontwikkeling van
celtherapie te verbeteren
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Celtherapie: tolDC

>
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Eerste resultaten: vaccin wordt goed
verdragen en blijkt veilig te zijn
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Immuunrespons op celniveau
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Celtherapie: Tregs

Table 1 continued

Study 1D Phase Product Indication Effects Centre Source
TregSM:; EudraCT: I Expanded poly-tTregs Multiple sclerosis Recruiting Gdansk [51]
2014-004320-22
NCTO02704338 I Expanded poly-tTregs Autoimmune hepatitis Not yet recruiting Nanjing [71]
NCTO02772679 II Expanded poly-tTregs with [L2 Recent T1IDM Recruiting San Francisco [71]
NCTO02428309 II Expanded poly-tTregs Systemic lupus erythematosus  Recruiting San Francisco [71]
NCT02932826 I Expanded third-party CB poly- Recent TIDM Recruiting Hunan [71]

Tregs
NCTO03011021 I Expanded third-party CB poly- Recent TIDM Recruiting Hunan [71]
Tregs and liraglutide
T-Rex study: I Expanded poly-tTregs Recent TIDM Recruiting San Francisco, Aurora, New Haven, [71]
NCT02691247 Gainesville, Miami. Indianapolis.
Boston, Fargo. Kansas City.
Portland, Sioux Falls, Nashville

Other

NCTO03101423 I Donor poly-Tregs DLI Beta thalassemia major Recruiting Nanning [71]

CB cord blood, CNI calcineurin inhibitor, DLI donor lymphocyte infusion, GvHD graft vs. host disease, HSCT hematopoietic stem cell transplantation, IL interleukin, poly-Tregs polyclonal
T regulatory cells, poly-tTregs polyclonal thymus-derived T regulatory cells, TIDM type 1 diabetes mellitus, Teonv T conventional cells
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Celtherapie: Tregs

In vivo targeting of T cells for therapy Adoptive o cellular therapy
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Samenvatting

= Immuunsysteem verstoord in kanker en
auto-immuniteit

= Gebruik maken van immuunsysteem voor
therapie:
= Antilichaamtherapie
= Celtherapie

- Om immuunbalans te herstellen

= Toekomst: gepersonaliseerde therapieén

>

UHASSELT | FACULTEIT GENEESKUNDE EN
LEVENSWETENSCHAPPEN

62




FACULTEIT GENEESKUNDE EN
LEVENSWETENSCHAPPEN

KNOWLEDGE IN ACTION




